FIG. 1A 



10 



MACRO BLOCK 
MB1 




✓ * N 


SC12 




USB 
(FIRST BUS) 

► 

480 MHz 






/ ► 

I 

60MHz 
(CF1) 

SC21 
* 




MACRO BLOCK 

MB2 

PHYSICAL- 
LAYER 
CIRCUIT PHY 




| SIE 




\ _ / 


J 



FIG. 1B 



SCIN 



— SCOUT 
EH 



_._ s c A _ N _P_AT!i 

MACRO BLOC|< 

mbi : 

I 
I 

" T"siV"T ' 



10 



SC12 



TIN 



SC21 



60MHz 
(CF1) 



MACRO BLOCK 
MB2 



PHYSICAL- 
LAYER 
CIRCUIT PHY 



LOOPBACK 



TOUT 



□ 

TPI TPO 



FIG. 2 



TEST CIRCUIT TC 



MACRO 
BLOCK 
MB1 



TIN 



CF1 TOUT 



CF1 



TEST 
TRANSMISSION 
BUFFER TXB 


TEST 
RECEPTION 
BUFFER RXB 


i 


}■ CF2 


CF3 


TI 






TO 

t 



TPI 



□ 

TPO 



MACRO 
BLOCK 
MB2 



PHYSICAL- 
LAYER 
CIRCUIT 
PHY 



USB 



(FIRST BUS) 



FIG. 3 A 



MB1 



FIG. 3B 



MB1 



TC 



TIN 



TOUT, 



TXB 



RXB 



CF2 



TI 



TPI 



MB2 



PHY 



USB 
(FIRST BUS) 



TO 



□ 

TPO 



TC 



-TIN 



; TOUT 
!CF1 



TXB 



!CF1 



RXB 



TI 



TO 



MB2 



PHY 



! LOOPBACK 



FIG. 3C 



MB1 



TPI 



TC 



TPO 



TIN 



TOUT, 



TXB 



RXB 



'CF3 



MB2 



PHY 



USB 



(FIRST BUS) 



TI 



TPI 



□ 

TPO 



;to 



FIG. 5 



TEST CIRCUIT TC 



CF1 



TIN 



MACRO 
BLOCK 
MB1 



SIE 



COMMUNICATIONS 
SEQUENCER CSQ 



TEST 
TRANSMISSION 
BUFFER TXB 



TEST 
RECEPTION 
BUFFER RXB 



TI 



CF2 



□ 
TPI 



CF1 



TOUT 



CF3 
TO 



□ 

TPO 



MACRO 
BLOCK 
MB2 



PHYSICAL- 
LAYER 
CIRCUIT 
PHY 



USB 



(FIRST BUS) 



FIG. 6 



MACRO BLOCK 
MB1 



M10UT 



TEST CIRCUIT TC 



M2IN 




J TOUT 
ffXBj [RXB 



TI 



TO 



□ 

TPI TPO 



MACRO BLOCK 
MB2 



FIG. 7 A FIRST TEST MODE 



DTIN 
(SCIN) 



DTOUT 
(SCOUT) 



MACRO 
BLOCK MB1 




12 



TOUT 
TXB| |RXB| 



TI 



MACRO 
BLOCK MB2 



TO 



□ □ 
TPI TPO 



FIG. 7B SECOND TEST MODE 



DTIN 

(SCIN) 



DTOUT 
(SCOUT) 



MACRO 
BLOCK MB1 




MACRO 
BLOCK MB2 



TPI TPO 



FIG. 8 



SCAN PATH SETTING 



SCIN 



d scput: 



MACRO BLOCK MB 12 



MACRO BLOCK 
MB1 



SCAN PATH 
SCAN PATH 



TEST CIRCUIT 
TC 



SCAN 
PATH 



MACRO BLOCK 
MB2 



L f- 

12 



3 
O 
O 
CO 



o 



CO 



CO 



o 

o 



CM 



£S5a 

550 go 



o 
o 



o 



o 



< 

O) 

d 



o 



GO 
CD 

CD 

I—* 

Ll 



LU 

o 

00 



CO 



sqggo 
o 

o 



0 


FF2 




0 




A 




CNJ 

CO 



CO 



5^ 



CM 

Q_ 

O 
CO 




o 



FIG. 10 



JL 



S1 



CIRCUIT DESIGN 



JL 



S2 



NET LIST GENERATION 



JL 



S3 



SCAN FF INSERTION 



I 



JL 



S4 



NET LIST GENERATION, 
INCLUDING SCAN FF 



r 



S5 



LOGICAL SIMULATION 



JL 



S7 



LAYOUT 



JL 



S8 



MASK DATA 



S9 



TRIAL OR MASS PRODUCTION 



JL 



S6 



TEST PATTERN 



o ^ 
< -J ^ 




o ^ 

< -I ^ 
^ CD 




DIN3 



FIG. 12B 

SCIN 



DIN1 



DIN2 



DIN3 
CK 



SL/T|- 



DSFF1 




DSFF2 




DSFF3 



D Q 






DFF1 




> 





D Q 






DFF2 




> 





D Q 






DFF3 




> 





scout^- 



FIG. 12C 



SCIN Q- 
SCOUTQ- 



MB1 



FF6 



FF5 



FF4 



SCAN PATH 



MIOUTH 



M10UT-2 



M1IN 



TC 



SCAN PATH 

SEL1-1 
1SQ-1 



TIN-1^ 



TIN 



SEL1-2 



DSFF1 



SEL2 



txb] [rxb| 



TOUT 



FF2 



FF3 

zr 



M2IN-1 




M2IN-2 



M20UT 



, — □ 0 Lh 
TPI-1 TPI-2 TPO 



MB2 




o ^ 
< -j ^ 

S CD 



FIG. 14 



TAD 


TRD/TWR 


Bit3 


Bit2 


Bitl 


BitO 


0x0 


W 


TxBufO[7] 


TxBuf0t6] 


TxBufO[5] 


TxBufO[4] 


0x0 


R 


RxBufO[7] 


RxBufO[6] 


RxBuf0[5] 


RxBufO[4] 


0x1 


W 


TxBufO[3] 


TxBufO[2] 


TxBuf0[l] 


TxBufO[0] 


0x1 


R 


RxBufO[3] 


RxBufO[2] 


RxBufO[1] 


RxBufO[0] 


0x2 


W 


TxBuf 1 [7] 


TxBuf 1 [6] 


TxBuf 1 [5] 


TxBuf 1 [4] 


0x2 


R 


RxBuf1[7] 


RxBuf1[6] 


RxBuf1[5] 


RxBuf1[4] 


0x3 


W 


TxBuf 1 [3] 


TxBuf1[2] 


TxBuf1[1] 


TxBuf 1 [0] 


0x3 


R 


RxBuf1[3] 


RxBuf1[2] 


RxBuf1[1] 


RxBuf1[0] 


0x4 


W 


TxBuf2[7] 


TxBuf2[6] 


TxBuf2[5] 


TxBuf2[4] 


0x4 


R 


RxBuf2[7] 


RxBuf2[6] 


RxBuf2[5] 


RxBuf2[4] 


0x5 


W 


TxBuf2[3] 


TxBuf2[2] 


TxBuf2[1] 


TxBuf2[0] 


0x5 


R 


RxBuf2[3] 


RxBuf2[2] 


RxBuf2[1] 


RxBuf2[0] 


0x6 


W 


TxBuf3[7] 


TxBuf3[6] 


TxBuf3[5] 


TxBuf3[4] 


0x6 


R 


RxBuf3[7] 


RxBuf3[6] 


RxBuf3[5] 


RxBuf3[4] 


0x7 


W 


TxBuf3[3] 


TxBuf3[2] 


TxBuf3[1] 


TxBuf3[0] 


0x7 


R 


RxBuf3[3] 


RxBuf3[2] 


RxBuf3[1] 


RxBuf3[0] 


0x8 


R/W 






TXMODE 




0x9 


R/W 


XCVRSELECT 


TERMSELECT 


OPMODE1 


OPMODEO 


OxA 


R/W 


PLLSELECT 


OSCENB 


CLKSELECT1 


CLKSELECTO 


OxB 


R/W 


RESET 


RAWCLOCK 


ANAJQ 


SUSPEND 


OxC 


R/W 


OPENLOOP 


TglCLK 


DivideCLK 


MonCLK(R) 


OxD 


R 


MonRXACTIVE 


MonRXERROR 


MonUNESTATEl 


MonLINESTATEO 


OxE 


R/W 






MonRXERROR (R) 


LatRXERROR 


OxF 


R/W 








TXSTART 



FIG. 15A 



TEST BUFFER TSB 
(M-BIT TEST INPUT SIGNAL) 



CO 
CD 



□ 

TPI * 
K TERMINALS 



m 

□ 

TPO 
K TERMINALS 



FIG. 15B 



M BITS (M > K) 



r 






K BITS 


K BITS 




K BITS 



FIG 15C 



TEST TRANSMISSION BUFFER TXB 
(N-BIT TRANSMISSION DATA SIGNAL) 


i 

in 








5 









TEST RECEPTION BUFFER RXB 
(N-BIT RECEPTION DATA SIGNAL) 


00 








co 










r . 



TPI 

(K TERMINALS) 



TPO 
(K TERMINALS) 



FIG. 15D 



N BITS (N > K) 



r 






K BITS 


K BITS 




K BITS 



r 



< 



< 

> 

X 



< 
LU 

LT 
X 



o 
< 



O 
< 

X 

cr 



< 

> 
x 
or 



cr 
o 
cr 
cr 

LU 

x 
cr 



a 

CO 

o 
cr 

LU 

o 

LU 

=> 

o 

LU 

CO 

CO 



< 
o 



O 
o 



20 

00 

CO LJL. 



00 => 

LU QQ 



a H li 



o 



00 cr 

CO ^ 

< 3 
LT O 
\— LU 

00 















0 fcb 
ht 


_l 
1- 




ECEP 
RXB 


O 

cr 








cr cr 






i_ LU 






^ CD 





a 

CO 

^ cr 
2cr 

h~ LU 
CD. O 
LU Z 
O LU 
LU ID 

cr o 

LU 

00 



a li ii 



o 



CO 

cr 



a 



CD 

CD 



r 



CO J 



O ' 



r 



CO J 



CNJ 

O 



o 



o 



r 



f 



o 



CL IE Q It Q ^ O 
Q a < 5 Q= h- H 



o 



CD 
Ll 



00 Q 

> 



Z LU Q 



§ < > 

< L- I- 

W £ O 



< 

x 



< 

> 
x 

DC 



cr h- 

O 3 

cr o 

cr < 

LU h- 

X < 



CM 

GO 



O 

i i 



CM 

CO 



CO 



CD 
CO 



o 

CO 






o 




3 






O 


O 


cr 






cr° 






LLI \~ 






Li_ Z 






U_ LU 






3^ 






CQ LU 




2 LU 


O 




LU O 


< 




< 






Z. 


< 




< 









LU 

CO 



cr 

LU 
I 

it 

S3 

o 
< 

Q_ 



LLI LU £ 
CL ~" 
CO _ 
300 
00 LU 
LT 



O 







o z 






UIT 




IRC 


11 


o 








o 
oo 



o 
< 



O) 

T — 



CO 
CD 




o 

CVJ 
Ll 



CD 
O 



